This report describes a simple method for the isolation of streptomycin-dependent tubercle bacilli from virulent cultures that have not previously been exposed to streptomycin. The in vivo isolation of streptomycin-dependent Mycobacterium tuberculosis has been reported by Spendlove et al. (1948) and Lenert and Hobby (1949) . The in vitro procedure described here is applicable to the quantitative determination of both the streptomycin-dependent and streptomycin-resistant variants.
Tubercle bacilli from a stock culture of strain H37Rv were grown in a flask of liquid sorbitan monooleate albumin medium until a turbid growth was obtained. The flask was shaken well to obtain a uniform dispersion of cells, and the number of viable cells per ml was determined by the usual dilution and surface plating method using solid oleic acid albumin medium in the plates . To the remaining undiluted liquid culture, streptomycin was added to give a final concentration of 100 ,g per ml of medium. Fifty plates, containing 100 ,ug of streptomycin per ml of solid oleic acid albumin medium, were each inoculated with 1 ml of the liquid culture containing approximately 280 million cells per ml.' The plates were incubated at 37 C and after 48 hours, when the excess moisture had evaporated, were sealed with wide rubber bands.
After 30 days' incubation, 62 colonies were found growing on the 50 plates. The individual colonies were circled with a wax pencil, and each colony was tested and found to be streptomycin-resistant. At that time, no streptomycindependent colonies were found. After 51 days' incubation, 22 additional colonies appeared. Of these 22 colonies, 15 were resistant to streptomycin, 5 were dependent on the presence of streptomycin for their growth, and the remaining 2 showed enhanced growth in the presence of streptomycin. The colonies of this second "crop" were marked and the plates were re-examined after 70 days' incubation. Twelve additional colonies were found, of which 4 were streptomycin-resistant, 7 streptomycin-dependent, and 1 showed increased growth in the presence of streptomycin.
Thus 50 plates, each inoculated with 280 million cells, were incubated for 70 days, and 96 colonies were found growing in the presence of 100 ,ug of streptomycin per ml of medium. There were 81 streptomycin-resistant colonies, 12 streptomycin-dependent colonies, and 3 colonies showing increased growth in the presence of streptomycin. The plates were incubated for longer than 70 days but no additional colonies appeared.
A similar experiment was performed using a strain of Mycobacterium ranae. As in the previous experiment, the culture was grown in liquid sorbitan monooleate albumin medium, but nutrient glycerol agar was used for solid medium. Fifty plates, containing 100 ,ug of streptomycin per ml of medium, were each inoculated with approximately 100 million cells from a 7-day-old undiluted culture and incubated at 37 C. The details of the procedure were similar to those described previously for the tubercle bacillus. After 7 days' incubation there was a total of 17 colonies, each of which was streptomycin-resistant. Following 14 days' incubation, there were 13 additional colonies, 8 of which were streptomycinresistant and 5 streptomycin-dependent. After 21 days' incubation, 10 additional colonies appeared of which 2 were streptomycin-resistant and 8 streptomycindependent. Thus after 21 days' incubation of 50 plates, there were 40 colonies found growing in the presence of 100 ,ug of streptomycin per ml of medium. Of these, 27 were streptomycin-resistant and 13 streptomycin-dependent. These experiments were repeated twice and similar results were obtained each time.
At this time certain of the pertinent biological characteristics of this streptomycin-dependent variant of the tubercle bacillus will be described briefly. It was observed on the first two sdicultures of the streptomycin-dependent strain of H37Rv that the growth rate in liquid medium was noticeably slow, but on the third subculture it was approximately the same as that of the streptomycinsensitive and resistant strains. When the streptomycin-dependent strains were tested, using relatively small inocula, in liquid medium containing different concentrations of streptomycin, marked differences were noted in the rates of growth. Uniformly poor growth was noted in 1,000 jg of drug per ml of medium and good growth in 100, 50, and 10 Mug per ml. A few strains showed poor growth in 1 Mtg of drug per ml; the others grew well in this concentration. In the absence of streptomycin, there was either no visible growth, very slow but progressive growth, or a very slight growth with no progression.
A dependent strain that showed no visible growth at 15 days in liquid medium in the absence of streptomycin was inoculated into a flask of liquid medium containing 100 Mg of drug per ml, and after 15 days' incubation a good growth was obtained. The cells were separated from the medium by centrifugation and were then washed repeatedly with isotonic sodium chloride solution until the final suspension contained no detectable streptomycin. One-ml samples of this turbid suspension were placed on each of 54 plates containing solid medium without streptomycin. After 35 days' incubation there was an average of 8 colonies per plate growing in the absence of streptomycin. All of the colonies had typical cord formation . Streptomycin sensitivity tests in liquid sorbitan monooleate albumin medium were performed using 45 of these colonies selected at random. The results showed that all of the colonies tested were streptomycin-resistant. The virulence of 5 of these strains was tested and they were found to be pathogenic for guinea pigs.
STREPTOMYCIN-DEPENDENT TUBERCLE BACILLI DISCUSSION AND SUMMARY
The isolation of streptomycin-dependent microorganisms is not new, but a simple quantitative procedure for the isolation of streptomycin-dependent tubercle bacilli in vitro is of interest. In previous studies we were able to isolate streptomycin-dependent Mycobacterium ranae only from streptomycin-resistant strains under specific experimental conditions (Yegian and Budd, 1948) . In later studies we were impressed by the delayed appearance of streptomycin-dependent colonies presuimably originating from single cells (Yegian and Vanderlinde, 1948) . On the basis of that observation, the present procedure was developed and it is now possible to isolate streptomycin-dependent Mycobacterium tuberculosis from strains that had not previously been exposed to the drug.
In contrast to streptomycin-dependent M. ranae, some strains of tubercle bacilli are strictly dependent on streptomycin, whereas others show only enhancement of growth in the presence of the drug. In addition, after several subcultures of streptomycin-dependent tubercle bacilli are made, the growth rate in liquid medium is essentially the same as that of the original parent and resistant strains. A third difference is the high incidence of streptomycin-resistant variants found in the streptomycin-dependent populations of M. tuberculosis. In contrast, the variants found in streptomycin-dependent populations of M. ranae were few in number and resembled the parent sensitive cells.
Detailed studies of the biological characteristics, including pathogenicity, of these streptomycin-dependent tubercle bacilli will be reported later.
